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(54) PRODUCTION OF OPTICAL WAVEGUIDE SYSTEM AND OPTICAL DEVICE USING 

THE SYSTEM 

(57)Abstract: 

PURPOSE: To provide a method for automatically 
forming a waveguide, refractive index distribution or 
optical coupling by light incidence and a device obtd. 
by the method. 

CONSTITUTION: An optical refractive index material 
2 is irradiated with light of a wavelength at which its 
refractive index changes or a photosensitive material 
is irradiated with light of a wavelength at which its 
refractive index changes and the material is 
insolubilized to form the waveguide 3, refractive index 
distribution or optical coupling by using a self-focus 
effect. The optical refractive index materials are 
otherwise arranged in the whole or a part among the 
plural optical devices and these optical refractive 
index materials are irradiated with the light of the 
wavelength at which their refractive indices change 
from the one or plural optical devices or the 
photosensitive materials are arranged in the whole or 
a part among the plural optical devices and these 

photosensitive materials are irradiated with the light of the wavelength at which their 
refractive indices change and the materials are insolubilized from the one or plural optical 
devices, by which the waveguides or the optical couplings are formed and the optical 
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i^©57t^;**&©aji*3fca*3i**-B-&*'u 

[i»*Sl 3 0] — TjC^A-f **<LD-t?&-5. IS* 
« 1 2 9 IB®©7jft. 
[M&9t 13 1] lMMi©JI£7W;*®W©£»3;;fc 

xAWXP^©^^*fr^7 , 6SS-&lc*^^T» ffiWwi©^ 
-H7^ — ;U KIM X**/j\S 0*5* A-f XA*£ ©ttiliftlc 
iOH«f*»**»*l'T. 5Vt-f:*M©tt^tt*»jaE 

-r * d t tt 

Cffl^JB 13 2] WW*©*- K 7 ^ — ;u KtM xa< 
/hSO^A-f mDT»5. t§#Jgl 3 lfE^©7j 

C^*^ 13 3] if ftaCD^7/W *©IB©±»*fc 

5W ^*»63t*JH»bTJBi»r*»**f*#TS d <t lc 
iD. Jt^A'f 7.^©Jt^«-fx^-fe;i'7T7-f >J£I6 
fc«C*HT. £t>2^^©3fc5vx-r*c:*ivr 
m*t3fc©B*#*fc*££fcW«£T**JI':7 7'^-f > 



134] — *©5W ^©^tuatMi^^a-^ 

©ififcfc»3fc***R«U te*©7t5=A-fX3&^©3t 
lc«fcr)Sft£fg£;*-y-5. IMUHl 3 3K«©*i£. 

[B 13 5] B*©»&Stli»3fc©«ft©£«*« 
i«SSS©S:flMU*l*JK:*6. m&Kl 3 3ie®©*fe. 

[»*fll 3 6] &g©gfc£aJS*7fc©i£:B©'>ft:< 

t i o*<it!gi?iij©®sm«rticfe o . (fi©atS36«ies 

j$l©!gi&««fl-K&*. 3 3IH«E©^S. 

m&mi 3 7] ^n^*i©3bwmic&fcH&£fc: 
Uist^tisa*^ i2i~i36 ©u-rnjwcfEe©* 

55—, tf>*— ;W3£t£*U y ha»&8«n&'b©T? 

12 1-13 7 ©wrn*M=fS«©73». 
[gfjfcJg 13 9] %«<aiiTS*ll*©£ffll£fctt4>ft: 

.A*iEB*ns,- tfijjss i2i~i38 ©<^-f n^ciiem 

©7jft. 

[If** 14 0] 3t©HBI*tt. SMfcfc J: D tttt© i?!* 

ep*^*^n-5. w*«i 2 9 — 1 3 6©u-rn^tciE 

«©7jffi. 

1^*^ 14 2] 3t7*/X-f X©±»*fctt^ft:< tfc 
^l«B*'&tr--»"©««KattB»r*»»*K«*. ^ 
mx©WI*«J^6lH**bfc3tK:J:D3tB»fW»©a 

[»**1 4 3] 3t5 r A-fX©±gP*fctti!>/3:< 

^©WI*«36»6m»Ufc3tfcJ:Da9i6«»*«ait**fc 

tt7t7r-fA'T?*-5. tt^qfl 4 2ifcttl 4 3f£«© 

im&m 145] 3t^/N*<7.©±gpsfcii^< tfe 
3taiwi*^tr— »©«*fc3tBiffW»*»w. ye? 

A-r x©ttsi*^ e> Lfc^tct o aist7t©-fe 7 

im&m 14 7] 7#LD SftliSKS^fc 
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[Iff** 14 8] «*©>£7W x<o±gp*fc«^^ 

* i « JSST^**3ta»f ^tJ^lc^BX bit H 

[R^JR 14 9] Mft©#5VVf *©±WSfc W4>& 

[«^JR15 0] )tTM^!»«LDtSKSSfcH3t 
7 7-fA*T&£>. f»#J»l 4 8$fcttl 4 9ffi«©3ttt 

[fg^JS 1 5 1 ] ftxA-f 7^PDt &JSEB * fc «7t 

[9*fl 5 2] Jtxn-f7.^IHICilHlX^nfc»«tC 
HJlSnttriS. Bljjem 4 4 9C«03ttt 

[3£9i©f¥i|iffl££lft9!] 
[0 0 0 1] 

LjS3Lh©*WI#*] #3g9ite. 3fc»tt»*©#»#8: 
Bk ffilBtr— Z-M*tt&. #WI*7^ 

JtHjftttJRcofPRfcffWcsv** - tare**. 

CO 0 0 2] 

[fle*oann *«»«■*»«©«»"?«• esiacD^t 

ber to the Homeft <i:3t£Hi5 OSSd 1 jfe 
JgbTfr < testis. £©«£•. ©jSESS^/WXSr 
teftttSSS^SBSd^i^tttlc, 7r 

£t © tc b 73: ttft lift £ & ^ 

[0 0 0 3] b?5>b&A<S>. fi£5tEtC^^Ttt, 3?i£2&© 
©#8tttt«»«MII«'*»tt© S t> <t ^5 yt 

(1) Vftj£fr£©3fc7 I A-fy;i51©(£SfiJK©S:fta*&: 
Sntl^i'. •Whl' 9 >*©*#*+# 

(2) #3fc5VW:**S©Wi^©J£* t 0Aa f *fc*.* 



#^P3 55-43538 "?>ttHH 6 0- 1 7 3 5 

fr£©3t£Bi»bT. u>Xtt©B9r¥4ttlrt'Wim€ 
a. b^b^e. c:ne.o*feTi4. -fejP77*— * 
{tj»*a*#snr, 8&*i*i±©*6v**»5fcj£tt. ?w 

[0 0 0 4] 

*{t «nt) («t. rjas3t«»j tet) £ 

JB t»T iOBWMfT b < t±B#r*4Mf ©IES 

[0 0 0 5] #%93«. fcT, TtAWtCtoeSlMl" 
-fx, ftAltfc«k0^<^>*©#K»&g»M»-^*3 

^©f^si^i^nfcko^^ns^A-f t.-^, c 
<d£.v\z Ltt e> ns&asES&^JStfr^y** sjs cassis 

RS. 3fc5WXU«*Ji»S©*iU»K:J:D,' 3t 

•3. tt&lsfcnHA (1) ~ (3) ^«^-T*y5&, 43 

•5. 

[0 0 0 6] 75:45. £ff SCine, ©5 s /t-f^-Wt 

*ftS«W*LT. gettllMk%»ttBtH-'SelfH)rgan 

ized Lightwave Network (S0LNET) tB?^©75ifiESM"C 

[0 0 0 7] 

[s@^»Si-rafc*©^a] *«^tin«, ±cii 

m*M*&*1t*b. J£H«W»k:. ^©JS^^-ft 

-rs**©3t*«»L. -fe^7 7*— *^>^*«ieb 

[0 0 0 8] *%wtcin«. Sfc, d3WAtC, ^© 
ga*tb. -fejP7.7*— *->>^ : £^eT-5t<ht>ice:© 

^©^iSyjft^ii^^ns. *%wtc«kn«. n 

^i&EiL, C©^H»r^«^lci®Sfc««Sc®©Jt 
5*yWX3J»6-l-©H!ff*3We<tr*««©3itt»Wb. 
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[0 0 0 9] #5£EK:<fcfttf. 26>K. ^ScffiCDTt-xA 

[0 0 10] *%^l-<tn«. $e.lC. 
[0 0 1 1] 

S3foW^8r*tt»2«!'K:A*£. £©3fcBifr*#tt© 

tf. <g 8 /t m ©»»&*> Sfc*7t®l (3 70Blfr*= 
1. 62, F©B#t3S= 1 . 6) A»6ffiWStlfc 

3t (S£fi4 8 8nm) tt, 3fcfi«r**m2 «f»fcAI**ttT 
t^77* — 7J.XL, £ttlCJ:05^&tt-3*t»j&Sn 

mm : 1 . 6 1. JiH 7 y H) B£r3£ : 1 - 6 0,. 
AT.'ryy&yt* tf — 9/V7 — 1 > (S3. 6 tim<DXV 
->7>fc:-AA7J, 17fy7^tO©ffl)r*WfcAn 
= 0. 0 0 3 p <p«3fc/t«7— > tttttl) . Sttt: 

-A^D/\y— >3>^v>yH (bpm) ejsfrvr*& 

itTl>5. Xtf^v^WVhU^TJCtf:^ 

a x a zm-s u *> © &ytmm 

CBiff*^** 1 **^** 1 ' n7SBBiJ6»6#tffc3lfe** 



[0 0 12] BftTCfctt. 2fl£F!Rtt"r£i;Tt>J: 
^. gill An^jgjE^^-coaTfe-S. CI© 

02H H«r**ikAn*«*:*-r*f*»^0«SCHT?* 

fctl-^*— HatlA*^C^»-r<6:4. An ©STOP H £ 

[0 0 13] 0311 2<l©7t®l*^3tSr^-r-50!l 

fi££n£JBtfT*co#F (itSB^aW^F©®^!!) tc 
SWCte£l*lfik*. g&MKffijJ<08li£8&3a*7tB#r 
JMt»2+fcS»WK:»riESn*. 0 2 7:fc«ktf02 8 

£ST [«&KBW^ : 1 - 6 1, 2 7 y FBtf* : 
1. 6 0. 3*^y:7»3fc. K— 1. <S3. 6 
um<DtfV>'T>\i— AA73, lXr-y7"SfcD©M 
*^tAn = 0. 0 0 3 p (ptt3t/X»7— ) tbTit 

m . cnsoHttv B2 9tn«tc, H-A^n/ty 

->5>^VyH (BPM) *ffl^Xf#e>nfet)©T?fe 
0, ±fiS«B»r*7>^?r^L.. T«»43t/X»7-e»*« 

2*©3t7r-f A*3S|RiS-a-T^rVy^ , 4 0 0 tfm 

fettrait. wjfi©jtBiif**m**omic»ifcL' 

fc. 7 7^f ;X©ttO-ftl*. 0/im*3itf4tfra ( !:l/fc 

tz. 4 0 nW©5t*Plfll©7r-Y/X)6^ttlWS-e-. Mfi9 
8 0 %~ 9 0 XELhcr>tt«^«»%:— 75. 

a*o«-&». tt-rno ym-ett8 o %sk±.t.ts.z>ifi, 

*-7Jit (SOL NET) WBLtlT^ZZ.h&mMZn 

[0 0 14] H3tl ±IEfcPMIlC. An*<®IE^«^ 
tt, IST$^<tA n^7Cttf 5«^©MTS0. 

#«7t©m c&ftaw*. fetx^^- nan 
d^i; j ?»-r<^ ; 5. cw^fesfc. AnoaffliiiQR 

*»tt*45*«. BSf**<t<i t aiatt<iTHeip-r**Ms|.*ffl 

[0015] B»f*jefl:3S f *a**"rte»it"*»»i:L 

tii W7L\i, 05 (a) tc^-r«t5«c. •ea^f^*^. 

5 (b) STi5C TtS^^B^^y^^i!! 
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mm& j £y?(D&m& (n d ) , -eo&icifL-iiw-sft. 
tc&mmm*xb-?h , jy9x<D&W)&. (Nh) , mm 

U £X©J3Sr^ (nh) I'KfiiL, 

An = n' — n-=2 (niN>-in Nb) 

[0016] i6i:it ytmmm$m*\zt%m&mtzz 
t, jiH^c^&^w&ftsa^^icMo, 

K*tit^Mii[^Wfcfi£g-rs. ^-LT, ££1::, SXTj** 
[0 0 17] S7I1 ±IBi:l^i;^ji»r«fcO, 2 0ffl# 

BfflA^Wfcf-A^ffiES&SrlStf. Z 

-r-5^JT$>-5. 09 H £fSIfc*— AcDRSIlCEflL-fcJtJa 

-Xh'-AA'^^IT^S. -tft-eftOftttf^BS 
KiS&*£ftT ! b«i;<, Sfctt3£2fclH*tSftTt>J:H. 
01 0»C*-r«fcPfe. U— tfy-f^— H (LD) 

[ooi8] si hi @3fc^Lfc0ytci5^T. -e-n 

33t<Ajg^ifS<Dft#tt£jj^r0-C*-5 (fcjt'L, 2Jfc 
TC^SCgTCDfilrJR-C^S) . 0 1211 01OC 

^vtc.m\zis^x. *ft*ft©3fcaw*5tM*£ft**© 

StlTJ&5 (cnt)2^7t 5 P®1*i'C ! roiK^TfeS) . 
0 1 l&£Zfil 2 ©ffl-ftO^feft-tt. 02 7. 2 8fe«fcrJt 
2 9<Oth»0D«-&a:raUT?ab*. £fc, 013 (a) *3 
,fctfl3 (b) «. J:D»»JCW-JitffVV dB««T. 
3KL.fclS*T&-5. 0«P, Butt joint tiftM 

C7 7f A) ^abT^gSfcT*. 
tt. SOLNETI±Pf««e&&. SELPITBItfll 
»#£*SS*U ^fcSELPITttW?*-* 
***IJBL-&^«£T*D, SELPIT (SF) tt-fe 
;b77 f-*^ t«« LfciftT»S. SELPIT 
(SF) «, **SOLNET0 1iiI«tui:^t 

±IB<Oj:olCfELfc. ItlbOiCi^T, SOLNE 

ELP I T«€£5fc«i|CD3tig-&SS:^-r. dilbOS^ 
5, SOLNE T^KS^JiiOg h U7 >A<0§1 



^WtS^t^A^. dfttetfML-fc, PSflHS^jA*. 
*40SOLNE T JiWlT^ * t ^ ? XttlSX SXt? 

[0019] ssic 3-p«±co5tigf-A^fflr^ 
«*Bii4, i 5 *j«ty: i 6 ic^-r. cnsn -e-n-? 
ft, Y^KB6. 75 7 *5«kt££il#i8[ 

0 1 7 tzM-m&.5i*&mmteat* mi 8 \zfFi-r^ou 

l©3ttK^A 2<D3tlcWr-5SEfi7-<;^. 0 
1 9 ^-t^ts.^)^^— H (MM) ti^yjl/^E— 
H (SM) I^Ot- Htig)ifOMiiT;HXSig 
«tSCi^T?t5. 01 7 0flTtt. U-~ *f^-f*— 
H (LD) *6C3fcJW*tW2'l'iyJtSn, 5 

T. yfyy-ilr-Y- (PD) TSJfrSftSMlZ. 3tJB 
[0 0 2 0] ±f5W«>T (D-x/Vf XOJgjSfCii^T, }t 

<, ££fc^ft£te©#ITe;fcA— LTt>«fcl/». 

[0021] ±iett*^^ic#s5t®iSt^*©^*ffi 

SKt^-* F. 7* h^-f F, U>X, *p£^ 
A, :/'JXA, 5 5-, t!>*-JK <?V- 

^ -a «^ i- a. 3tH»f **m t> l- < \ms&mififri* & 

[0 0 2 2] Sfc. ®iKKtlr^Tt), irt"L.*>I**M 

feiH. 02 0«, 5 7-9Sr^«£^-B:T, ®ffiE&£@ 

H (PD) t3tWaWlOlBfc3tH»r**f»2 3&«Eai* 

ft, -?-<D*ICL^S»©?IJSK3^^$n5. ifflWC 

(ld) ^ffli^ctfetts. zi<o«-&, 

tlz-f^-ft-l 5 (LD) 0DP73d^3t*tbS^^-&T 

t>«t^. *&9ia2r&icfE*.tt. cio«fc-5icLT. ^ts 
mt (3t^®HS) Ki*£#^&3iE»tt»^«A-r«:: 



[0 0 2 3] *RW©#ttfc*JB£3fcfl8f**mi:UT 

Sfc. fi5£te51fit3 0 0~7 0 0nmfc&2>. Sfc. iSil- 
(UV) 7t»»*iOl!W03fci:0. Wt**5fcJ£*©it 

t>©Tteft<, tfl©#>JV«»#5*ttE. 3tHHWT?JHiff 
<D-(Z$>tX\i^frt£2> fc©T& o T t> J: 

[0 0 2 4] sfcJWIfc^Ttt, 3fcJBWr**f »©***> 0 

ni:, *mt2*tttt©*M*-rgMrr£. c©«t€r. m 

c©«6K:li. JMH*©?L**£<. cct;M$<D 

[0 0 2 5] *fc, H3~2 OCHLTWab&Wi. 

^©^S^^g^iST^©-?*)**.. ^t>IC§t^ 

H«tS)ttl/T. LD. LED. *f/3tt7 

7£©f>Jfflte, 3fc7W *©-»*£:»£«£» 

7tfe*-«»*«S3HM. L D3fcS*iffi*X 7 r fc H 2 3fc 

3>ft*fiJ:tfSHG«»*»5a«ft*:****** . 
4. *fc. *f7^*JW-t , # , J'^»«B'N<0SK^3t!S» 



*$B3¥8 - 3 2 0 4 2 2 



[0 0 2 6] Wfc, " 

d^LD^«lc:Z3:^S-& ! bfe-5. -£-©*tM.fc LIT. 

tf. H2 n=«rj:5ic, «s*r*3t*. u-if^-r* 

— H (LD) «1B«}LD%tt)MflUt£A:a-E-n^lZSn 

jPT««. WM*i5 7- &E©RI*BlfeL 

D3tW«««tcJKfi)tb, &~;£^8U£©igiK©iSv>aiEfi 

-T<fc-5t-. KiR»*U— ' tJ-'^-f^-— H (LD) Sgt8©L 
D3ttiil*^R^*fctt^©L DS8BOL D7tffiS*m« 

t &\am u*«6tfl-©iWKic»j«-r * EttckoTfeRi 

&©$&:£#*. A^SK»&-^©iRBI©J£j£ra. 
I«07*b'JVy77-fa«oa!J«. ffl*.t£\ LD?t 

tct^^w^^fti^T^.fci^ cine. 

©0HC:feV*Ttt. 7 7"fVtSfcW:3MfcB&l 0<O^8®*fc 
tt-£-05ftifiJr-7-l , i7DU>Xl 1 ^BSLXfeJ:< (H 

2 3, 2 4) , »*lf»tt7r-f A*fc»4»«»l 0©* 
B*fctt-t©ftjE*-B->W»»« 1 2 iLTt±t» (02 

5, 2 6) . *^©te©^«»C*3V^Ttt, TtJBSf^W 

[0 0 2 7] 7tAS*tC±0gtblWtC#8E?&£»t>iitr73 

fet^-tucio^^ns^A-fx^^©, §ft*©js 

»#©e»»j«*fflVifc-t;P777-f >?t^-&tc*5u 
T, 2***fctt3**6l±©7lt©««K:i6Bl»f*SE 

[0 0 2 8] $e>lC. 1. 3(im. 1. 5Min^©^^- 
3t^S*^ofc«^©S«?<@?&fefc-&S. ^©ffi«tC«t 

nsfc) 7t^-&s*3«tt/-€-nf>©f^»73ffi. ^eicLD 
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¥f&l¥-8- 3 2 0 4 2 2 



[0 0 2 9] #f£93©C©ffim«C<fc*lH Jt; 

tic* o. ^A-fx^^ss-rs^ft^if^ 
g{tbT^<tt-*®7t«**K7t£8s»u t;i^7 7* 

-> > ^ SrSbe-r -5 <h £ IC d ©^tf^Sr^^^tS 

[0 0 3 0] ±IS©^®:£JB^T7ti&'&£fT 

*. Sfc. M*0*«03tt*«V»T, ±f2©«fc-5fc=&« 
©JSffld<pJfig-C&£. frfr2>*5ZW\Z-0\,*T. ETFtC, 
fft^-rs. 0 3 0 — 3 3fc2ifce«#i&2M::«fc*»iR8& 

2 OOJ»«U»Wfc** A 1 t A 2 OJWMT* 

am©— ^e^fiA 1 ©5fc£tiiS*b, te73A^KSA 
2 05}££tiiS*-r'5. ^©S*. 0 3 0 — 3 3 IC^ifcffHC 
jj^J:3&Bifr*»bJ«feU. KfiA 1 <fcA 2©t£©S 
fiW#&*'kfc#am**3Bfdt3*i<&. Cd"C> ctie© 
JB«*»*tt. WWBKWSKGRINl/^Xi 
3fcB»r*ttf*©tt*A 1, A 2 IC 
^■r-5K3tS©7C/hC«fc 0 * mx-\Z& 3 0 ~ 3 3 \Z^rt 
£.?nM* ©i&g£<fc-5*£#&5. ^"^J^JT-fc 

TH Att^©i5a:**"Pffi^6n*. 030 

ttA liJir/A 2*tt : bfc<&eaiHT&2)^> 03itt 

A 1 #te©iRTN& 0 , A 2 j&<ig»iKT&5*i-&. 0 3 2 
«A iatig«JR-Ci&9. A 2jW»WKT**»*. -tb 
TS3 3ttA liSitfA 2 tf-fcfctCigSiiKT 35 
ST. 

[0 0 3 1] @34~37lt ^77*-*^** 
jfUJBbfc*^ (SOLNET : Self-Organized Lightwave Net 
work) <DflT?&S. ft&&<0 , &^ft^&f&\zK.frm'P 
LT<5fcft, t;l/77*~ *Xgd**f«Jfflb&^H3 

o~3 3 ©*!-& letter, s&tKw^n^&sama 1 !^ 

DJgf$£n5Bift*^tTSUKSg£&«b^5 ±5 

i ass©*g-&icJt'<Tx A-xtc*^a^a< fi=*3n 
;rne>©0tw*5(A-r;. 0 3 4«a i^«fcr/A 2»<t 

fe'fCteaftiRTfea*^. 0 3 5«A 1 t>ygMWV3b D . 
A 2A^iS®'RT?fe ; 5«-&. 0 3 6«A 1 tm%tW.T:$, 



0, A 2*<ft3MZ-C&$tt&. ^UT037BAlfeJ; 

A 2^tfelr^5KiKTfe-5«-&S-^-r. 
[0 0 3 2] 038-4011 *ttttft>e<Dtt]tt%k:ll] 

<DtiiKyti5&Zfft-&J>ttttl?tl&L&X 1 £fcteA 2© 

mStytt l/TB- ©a£g©7t£<&fflT^-5fc.!:©;* >J y 
[0 0 3 3] HHT. 2-30«S[»Oftt>DK:. 3"3K 

!&©*■-?&<. tecD3t^mx. Kn-irt. 

a£g%>2-p(;:PBSC:£&<, 3o£*±©i&:g©7t©2g 

[0 0 3 4] 04 1~4 3*5«fctf0 4 4~4 6H JI-gR 
£ffiV>5#J£*^WlC7S-r ! b©"T?<&2>. d©«kpy«tSgS* 

f^>^, yjXA. *Dy7A, tT>*— Jk 7s'J7 

4 1-4 311 KfiA l©7t«C«bT<B:©JKT?fe**-& 

«. 04 1-4 3 H 7t^K^©«liS^«t^7tiK-&S© 
^©©^^•T'fcroTfe-S. C©«-&, — 73©Sii*-7t 

^#2.snrc®jKK«Siiie<iJcs*<«>c:iic7S:s. 04 
k> 2-p(om^<Dmt^ifi^ov-^-r<tsi^. 04 5 ©s 

«43.fctf«f»*H:, — 7j©7t€r^:®mS*b, te7j©7t«rX 

5. 04 5©:&fiite, — 73©7tSr^S^e>M&tb, KIS 
73rRJ©&B£$W-r-5«-&T<fc<&. 04 611 — 73©7t 
A^KK^ffi C^jfi b £ £ * K te#i£i&5!>> 5> ft&73 ©3t * 
ffi&tb, •5-tm^1-©t#IC«ngS7t (K©«*fc«SS 
fc««A^«A^n-53t) tbTte73©7tS-KS*b, # 
KK»i2! : *->'t^->©eSS©li^:i:©i8iKaiS©^S 
©^^SjoT^S^JT^S. 04 2 > 04 5 4 , **«J; 
Dt04 6l:St«ilH 3iSS©3tSrffifflbfcfe©T* 

t. ^ntzio. »a*i«!i©z »=»t 

[0 0 3 5] «Sc©7t^€lfflrs«^«, SUCS^S 
«*©3ttffl^Tt>J:^L. «-&tc«koTte|B3— ©Si* 
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nifyh.. yjXA. u->x. gam. tr>*-;u*fc 

teX U y h Srffi@-r-5 d 1 1> pJflgT*-5. 
[0 0 3 6] l&JB b fc$0 Affile .J: 0. l&tfO 

[0 0 3 7] 3^±CDk-A^l/. Y# 

ft." * 

6fc. ^E-KMJHSfc 

[0 0 3 8] 7fc<D0«&igra, 3t»*». 3t7 7"f/X, * 

•5. Z<T>nyi''7tSrrrt'i-^ Soffit" 

[0 0 3 9] 5 5- *^«ES-&» P D £SMm©rHlC3fc 

-e©fS. *«8&£LD©Pa:£a*£3fc£tti"3 _ £:, 04 4 — 
4 6 fC^bfc©tS<H<03c!f*T@ 2 0 CStipftM 
HHWEWHT**. J2*lfcJ:0. TtSMT Ot 

^<t=fe— esc w— 7-4 >£\ yj 

MbTt>«k^. 
[0 0 4 0] (Molti-Photon Excitation ) 

^mMt^^^mtvx, i4 745«kz/4 8 t^-r«t 
(a i) ©>tTBKtt»::Bfis*u *s 

e>te©iStS (A 2) ©3tTteOD^tli!lS$n-5^)«. 
*«Vitt»i:70M Ul) ©7t-C®e«SI«cS!iE^ 

n. ^■©tt^e.tecttffi^o. tewiss (a 2) © 

ZM*l5mifi$>Z>. ftft«itTH. WAS. IBM J. RE 
S. DEVELOP VOL 26 (1982) 217. *S#fflF8l4 5 7 1 
3 7 T^HWfcefcSnTtiSJ^fcWW**** 
5. -rft*3"5. a-v-7"h> (y7tfJk "?>v;k 



v>. jj)VJVJ— )V, ^>V7iy >. ^"^->7 >. ^- 
h??!-;^-/?^^-^- «xK9, 10 

)l>X7.5Mk ^^USfctt^h^x^JWvM^-r U 

[0 0 4 1] H^— tl/TI- T-JI'&ifSrjBVV T^-t 
y^iL/TTCNB*ffl^»-5Ci:t>'5ItBT*«. (K. Kimu 
ra. Reviews of Chemical Intermediates Vol. 2, Yerla 
g Chen. GmbH (1979) p. 321) . Ztl*>&. *'J?. *'J 

asimfcbOtttinbfcfc©. s^icS^iatejSJ^fftcDB; 

JBSf 3* *> V < ttfiJBjffip^ / ^ SaSiDt) L/ < tettJjtl bfc 

>-5?$r U WfW^i"Jl/-H 

-v^h>T«3 0 0 — 5 0 0nm©7£<i:7 0 0 — 1 1 0 
0nm<D7t. #U (^Jl^^UU'— h) *<D13)W 
— ;i/-Cl43 0 0 — 3 3 0nm©7tt4 0 0—4 3 0nm©7t 
*3iy:#U (t^**A>/-jW 4><D>?^?;i/- s - 
t- h7i?>TB4 8 8nm©7t©27t : F<Ofi^fC«fcD. 3S 

fx;p. x#=^->, 7^'J;k 7)^)17 2 V 
\s—b'*9i7Vl — t h'P*->77U U— h • ^ 
i^'JU— K i"J3- U U~ h ■ ^^^'J 

WV—Y'+ZWV—Y. 7S/7"7Xh7?Ul' 

^dtie><Ojg-&% tCgsJD b 2 * fc « 2 A 

ffl«»ti/T«ffl?rtt"r*a. sec. citie>ic. fx 

*. ^■Wte0D4-U'<;i/2-2Pi4©7 , 6ft^«^ 3-U 

«f*«»tffl^T*>J:^. #'J (^^-- X^-fc 
b<tt-f V7'5 1 ;i'->7;7i' l Jl/- h) ^©v'T-fe^ 
^>y>-t)l/<li*>77*y >->?'5rh>^> 
#U (^JM^^UU-h) tOy7tfJH, ^> 
-✓;U-t)b<tt7J>7 7^y >-v ? y h>T*«7 0 0- 
1 1 0 OnmOftlCgibSfcifc. tfaWWIT* 

[0042] c:ne.o»J|sn4. uvTtw^^tn^fflS 
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<, <&©#U 7 X&i: ©«£?£* &tiH<Dm&ft. 
a£fi©Sg7^ttT®ftSJ£££b£i*ntf«fcV>. SJt 

otmaqas.- sec sjH»*ffl»f*o«v»WRTa 

tjSt-C**. UTtt. 3t®fttt> JS9ttt# 

[0 0 4 3] »a*3tO**fce*flE*»fc-»S 

cnit ld. led. #«u»u— tf -ytTyyts. 

[0044] ^neo5^. ^/"W^lcA-Sto^^A 
-^3 >*«43J:tf SHG«i«*&a«*lfc<Mlfr&** 

[0045] «&swa. ytmm$mms.rc\3.mytttn\z 

fefrSIRC. 7feH8T^*4£fcttS3t#**©®ga*LD 
2 1l:itJ:5l:. BMWSJfetf. LD©LD}ttB&t® 



itfT7ttSI*3tWfflS^ 0 S O L N E T 

Si: 3 trail M##iS7-Ja:i:T. 

tflAtf. lik~UVfc«©SK©S^«fiSH*©>££KSt 

-5. fcSWi, 0 2 2 \Z7jk-t£. 5 fc. 
KIRK* L D © L D3ttttftttRtt&ft£fctt HOLD0L 

at, M*<D7*bV % JitJ7<<9>&fr. LD^eicio^ 

[0 0 4 6] d©«6, 7W/\Wcte#2mS8S£fc 
«1*A>S*JgtK£bTt>J;^. 

ttLD/*RttlH©*6*fT-5<fi©«£bT. TtSbElC 

«t * sa*-^fi<07 l eo%7t4Jctt £ftjffl -r a c t pj^t? 

-?-<D^JSr0 4 9tC^T. #J*J£. L D©L D?fctB 

#Btfc*** 1 ©3foWR»**l*fc««A 2 ©3fc*«*3fc 
b. SfW^n-S. -tote*, LD^&A 2©7t#tiJt* 
b, f»tfctt77'fAa>6 A. l©7£atffiftbfc©<>: 

■57J&ft**<5. -£-©*£*> LD*^e. A 2CD7td^tt3Wb. 
»JSB*fcB77'fn*5A 2(D7tA 1 ti{l*LfeOt|^« 

P573 lc%3tM«r»EX Lfc«-&H. ^SS*^ A 1 03fc£K 
tA 2 OTt^lt^n. LD*^A2 ©Tt^UJS* 

sBfc*m©«f*»&a*u «iai, a 2 ©>t*4i(St-r 

■£)W«.&ffiV^-5^iHC«t 0. LDt&^A lW^tBSt 
L, »WI*fctt77'fA4»6 A 2©7t*<t±il*Lfc©t 
|^«^«jH^-5 3:tt)nItgTfe-5. rn*T?©«fc*- 
V^X, A KD^ttX 2©7t*AtxtftA.T : b«k^c:ttt* 

[0 0 4 7] c©«^t). *fc. yy(rt'£rz\*mm& 

<. fe2.Vi«-&^JB«tbTfc«kVi„. I^T, LD/ 

DP^©*S^7it*©, HA«#i&»4<£S30:4i^lca. ± 

[0 0 4 8] S5 0I1 LD^W^^^ffi©^*^ 
LDt77-fA (Sfctt^JKK) ©KfCTte 
ftWWSfc.ttfRJtttRAWBSnT^*. LDi77 



[0 0 4 9] ^fcfc>l3, «^{a©7txA-f7.(DP4C0±a5 
ScaoWtTW X*> StE* US* LTB#f35#*£tt-^ 

[0 0 5 0] MftliO^A-f 7>©F B 1©±gP 

tic. 5t7 ; A*'r^K<D7tfi-&*fT'5-t;i'777-f 

[0 0 5 1] *fc> ^fflW^/WXCD^^gSSfc 

^liTffittTtWiS^S^-STtSfflt^TfeJ;^. Sit. 
[0 0 5 2] d^^S*^W7jffitC«fcntJ» m8*^©7C 

fcttMi^iJ^ /-7«)SS««S6bt5 Z\ <h \z «k 0 > 
g&SSESO&Tt^/Vf X*> S cotiiSt3t£ffl HSCt^ 

[0 0 5 3] 051 C^tX*73SCJC ±S7jfe(0«9|Sr^ 

©7fc£l#tfi*2K 3fc5Vt^X!W©*S'&g&^*±tf* ; b© 
£(D0H:8fct#)fct><DT;&D. LD»5.©t 
*-fe 7 * — 7J 7. 0 «t 0 iS^W tC-T -5 
ut%plft-a&5. 6 8 0wa<DLD£>'>#Jl' 

=e- f 7 7 -i n t<Dm<DB-&&fr v t vx^nm 

-T-5. 05 6 (a) , 5 6 (b) i5itX5 6 (c) 

m-tmm^m^^-rif^yx^. cne©LDt-> 

y^M-^y-fAt^SOO, 10 0*itf4 0tt 

WiLTIl X^S^WVHJ^XlZfc:^ 

VtihCDimmx-^^. LD£3Bt (2 0 0/iWHT) 
Sit. Wm\Z-7T^ AA»e»He-Ne U— tf3t (6 3 3 
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nm. 2 0x*W) £ttJ&t$ii-fcl£m, *tv7"*»10 0. 
Mm©»^ICtt0 5 6 (b) fC^T«tp^:«i^©±#*< 
S*5tl. 8SSOS&Wfe>nfc. ^ty7"*«3 0 
O/im(OMI:fe0 5 6 (a) CjkT £ 5 lztt£3MBtt 
iftO. 1 %T&t3)tt)CD*^fi!l*^©«^)i*-lC«t 0 4 

ttv(flp=i r , ev = ir.K cic:-^, ldt^ 

^TtffittLfc&H e — N e tf*»'"6'3tttllt UTt>«fc 
A\H/XyiJT?t>«fcU. r--C 

M£jW*3C:£j&*T#*. 7-4 it 1 0 : 

KD/xjux^jfc-rnn. i^etj&ft&gsri/i oice 

[0 0 5 4] 05 2 ±siizmm<03ifr-CLD<Dfrfr 

— * £— t lt# e> n?t fe <o-r & o 

0/imTli 05 6 (b) fcS'ri'Jfc. 

fcK:2Msat±#u i 6%©jg^^#e.nfc. ld 

mfcTSt, 05 6 (c) ic^-ri-ptc. ^-&^tt3 
3) . 

[0 0 5 5] &*3. 056 (a) ~56 (c) \Z^Ti. 
pic, yr-<Jm> ! rWfte>v>m%&frT'\3.. tg&Hhm?) 
±#ttStAyt*7i< (056 (a). 56 (b) ) , ± 
IE© 2 758; Kit LT, ^^/jN^^itlix.^,,, 05 7 

(a) *3±^5 7 (b) fc, ^®l##ji:*7jS;tLDfij 

^SOLNET©10t*5. LD-77-f/Wt 

amwm #^*cd^)**^^ < ^ 
D^fli^T i o^g^cotc^b. mmjj%:-c\3.4 Ofg 

Tt30l:»U, ^fi«73^TH. LD©ki-AX7p*yh 

•y--fX<Dts>c^tciinAT, s^ojttr— 
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am ote-A pus iflgwii) **®<fc*t#Ae.n-5. 
oi»tfa*3a»tt. H-rn^-tf mov^tcti. 1 o o 

T*-5'i. is«fctfxsfly h-tJ--f XWiS^tcfe IOOm 

dn£©03T-te, LDa>e>CD7t«i£ft6 8 
Onm (A 2) <h7 7-f A*>e>©7t©fl£S6 3 3nm (A 

i) ©2SfiSffl^fc. cne©MA i*5ir/A 20 

4) . Sfc. 7>-f A*»6©5t (Al) *>6 8 0nm<hL 
TLD^e^Tt (A 2) ■fcl^DilfcfiSr/BHT'b.k^. * 
77^/TOffl«3t (A 1) m&^fcte^ 

«fc^ (05 5) . 
[0 0 5 6] Sit. 05 8tC*-TJ:-5(C> ftx/Vf*© 

frzmmt (a i) iaett£3£t (A2) 

*. Sfc. «HEO»e*i«*n&3tlBi»*«»lc. He 

-Ne Lasers (10/iW) $D716/im©5 

77*-*^a*tiD. LD©3fc**tH»*a»sia** 

[0 0 5 7] #>*«*9t91£J:D. ft^/M**^© 

aif*3fc©ir* t D#**sftoT ; b, S7txA-f xa*s©m 
rra-n &©««#»**«"*?**. *5MBfc.kD» 
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*j:iwi&©{fcM7jft*asi-e**. #36 
^xm©3fcisfc8M**fli±£ia:&n*. vai,. pa 

A+M"XT&-5* t » 1 0 MmgS*TJEtfSClt 

>^tt5W:* ©£»*&»*— » (feJEWtttiW 

bTjH«f twrt-r* - 1 i~ <fc 

LD^flWMMJW©*'?*. Pi»TaHr»q&— 

U>X. *n^7A. 7"UXA. ifls—r^Otf. 57 
— , kf>*-;k X'JyM5i;fT*-3TJ:^. BJTFfcL 
D/^BST^tf**©!!^^. 6 8 0nmCDLDlCj9£ 
10 0 /tm©3tJH»f«»*»*t-a. «^tt«3JAtfx# 

D£5£3t (»6 8 0nm) ^-ttja^f^^^S^i^*-. 

a^l 7%*^e.tlit. 43^£ DBEdTN JS«r*^**JB 
^La^fcLD*77'f^^fc 1 !:i:5. 5 %<D 

i6 0^6l'lC, LD"7iAC*HT15t$^ 
3ta»f*tf»tEb, LD*»6©mJOtTJB«f*»** 

LT^30. dtllCtO, £Stt^±-r%. 06 2-6 
JUtlfr&^E^a.— ;KD«Jft**3SW»C*bfc. 0 6 



2 (a) *5<ktf6 2 (b) «. LD/77-fA 

^-g-^Ev'zL— JK^0iJTfe-5. t»JAtf, S i OV 

.fc-Sa&f^***^^ (LDt77'f/W«*6f 

mBLKmxznz. ytmvimumt, LD-77-f/tia 

•5lcLTt)«fcV». 06 3 (a) *3«fctf 6 3 (b) te. P 

*. S IOVJB. Kli!!itt**«fcPD£:7:r-f 

6 -fe JU 7 7 * — * ^Sft* »= J: * H«*»* *»'*atr. 

Jttt. »*SnPDB»M<AlttS. 

#£fcte-§|5£a5.fc-5tCbT ! fe<klA. 06 4 (a) *3 
«kl*6 4 (b) tt. «t»/7 7-f^ ; t^3.-JK0 
0yT?*£. «*.«. S i±Wtf'J-fS HKSrVS. GDdl 
iOXU CftC»Wli7 7'f/«Hetfc*. ^£S»r 
ifMa*4£?8TL. »«Bt77'f^|(4»6t;i'77* 

%4U:<fft>n«. ina-77-f^ofrciAbT 

[0 0 5 8] 

$itr-57j ffi-^-tr 7 *X tc«fc SB»T*4r*J^dt© 
J &&80&i££f£-&75}£<i:^niw«k 0 JE^^££n;fc7 ^ >''^-f 
[0 0 5 9] *fc. «»©«*©3tifflv^fc.^tttc«k 

[0ffi©fB¥^SiW] 

[01] #f£9J7ji£©— ^SM^itiSlt^S. 
[0 2] *S9J&— ^Sr^-T^SCSTfeS. 
[0 3] 4Ef£937jife©te©5e&6«**'*"*^0"?**« 
[04] ^leittttW-fl^tlKBI''?**.. 
[0 5] 3fcB$T*»»t*tt*H«*<o£{L*St f B^r* 
fc*O«iC0T?feS. 
[0 6 ] #f£937j8:©2 6 ICft6©HS6^Sr^T«S:0"C 
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[0 7] *%K^fficD$e)izfficoii^J^^T«a:E^ 

[0 9] *SHa^feOS6>t*<ft©*ffi«*S'r«SBI"T? 

[010] ^w^osetcffi^jewss-rascBi 

[011] 2^©3tiE*^©U»3to i * > ^IR©S!ftftt 

[012] 2^(03t«*^©ffl»^(0"t>^tt<o-rniEiii 

[0 1 3 ] 0 1 1 *3cJ:tf 0 1 2 <7»fclS£-2Ms* ^n-?n 

[014] **w*ft©s&fcffi<oisii6«*s-r*aBi 

[0 1 5] *»9i**©S6lwtt(0*i6«*3R'rfllSCH 

[0 16] **M*j£<O*6lwte(0S8SE«l*SS"r«SH 

[017] *¥£mJjfe<DZ £ Kte(OHJ6«*r*-r*3tB 

[0 18] *KM*ft©*&lctt©IIJE«**-r«SCH 

[01 9] *5EW*»©*6Ki«©SQfi«*wT«iaH 

[0 2 0] *»W**©*&ic(fio*SE«*«-r*SCH 

[021] *5£WJ5W;<D^ Kffi(DgQ60!l*:St"«^B 

[0 2 2] *5£WJjfe<DZ b (CffeCO^#iJ^^*r«a0 

[0 2 3] *RW*tt©SSfctt©*««**^^B 

[024] *%^*ffico$ 6 fcttO*tt«fc«-r«StBI 

[0 2 5] *5SW*ffi<O*6^»(0^1f6«*«"r«3CH 

[02 6] *5EW*ttOS6K<fi©*J6«*5S'r«aCBI 

[02 7] 0 2 Jfc7c£Mrt fc«HM»** 

^co0-tffe^>o 
[02 8] *5S6W©*»ICJ;D 2 Jfc^mrt 

^ jk £ n z> & ? £ b p m \z <fc o *s s a. u — -> 3 > l &« 

[02 9] 2 5fc7ESIBrtK:»*»a« 

JgfiK£n£>l$ : F : £B PMlCcfc I/— ~>3 >Lfc& 

mcO07?fe^)- 
[03 0] *aKfi»€rii*J:S*3EWo*i*o— 
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[@3 1] #.&fiS#&*«fc3te©0fl£ift$t"&fc#© 
[0 3 2] gr&&WZiL&<ii2>te.V>W&t$t f %~$'2>1Ztt><D 
[03 3] ^-ffiSS#ii*-«fc^)<fe^J*IKW-r-5fe*W 

[034] ^&m^^^>f&<omt:mm-ti>rctb<D 

[0 3 5] &&&9£&&±*f&com : £%tW-?2>1Zlt><D 
[03 6] ^StSS€?iii*-«}; j 5tero^J*ttt^-r j 5fc*i>(D 
[03 7] ^&g#£&*«k£ftfe©^£t&Ei"£fc#© 
[0 3 8] &&&W&&fr£Z>fe<Z>M : £8l f %~$~Z>fctb<D 

[0 3 9] ^siitiiwafficw^tsfc*® 

[04 1] ^i£§##i**<k5te©^£I»93'3~-5;fc#CEi 

[04.2] ^is^#^«k'5^^^tttK-r-5fcie)ro 

«5t0-T?&£>. 
[04 3] ^£ftS#i**J;*te©#J£t&93T*fc#© 

[0 4 4] ^g^5##&*<kS<fe<0^£IS9B-r£fc#<E> 

[04 5] ^KSS#ii*-«i:-S<a©«»l<£lft^TSfe*W 
«5<C0T?&*. 
[04 6] ^KS§^*-«fc-5ffi«^*IftW-r : 5A:ie)W 

[04 7] ^-tpfirae^Jffl-r^^i*©— 

[04 8] ^2p^i!ie*ftjffi-r-5*ftcDto©#ii*siwr 

[04 9] KBftm\Z&Z>W%&frtiL&V>yt<05tyt&tt : £ 
[0 5 0] LDg^Ot-i'Sffl- ^JSrltt^-r^fc*© 

[02] 



[05 1] Hitt^©^:#^JtT-t?€rfca»T^^iiz«kO 

[05 2] LD©*-*^©mtt^T#€Tjitr*jt<O^IS: 

[05 3] LD0D*-*^<DffiltJtT»#iitr^j£<Oftfe© 

[05 4] ti«^J(C±O«S®H*ISSbfc0iJ€-^-r^ 
3C0T&S. 

[05 5] tf®5SJIC«tO®S«6H*t8Sbfc<t&©^J^ 

[05 6] njg^j-c^^nfc^x'i^&^-ry^^-tfafe 

•5. 

[0 5 7] P5ffi»1?f&*;^£LDm#l9t*&*;£3: 

[0 5 8] 3bt#l!if£ffieU -e©®fi^*f<Jffl-r^^J 

[05 9] Jt^-&7 r A-1'7><D«^$'S-r0-r&^. 
[06 0] LD^i/M-JB»f^fli$r— ig^fiSTSfiSJ* 

[06 2] LD/77-f A-jg^v'i-^CO^JS-^-r^ 
SC0T&-5. 

[06 3] ;KZ>#l£7frr*il 

3:0t?&s. 

[06 4] ^jKK/7 7 ^/tlg^^i-;i/©^i&^-r 
®S0T»S. 
[8F<t©ttt91] 
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